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An investigation has been made i n  the Langley l5-inch hypersonic flow appa- 
ratus t o  study the e f fec t  of wing planform geometry on the s t a t i c  longitudinal 
aerodynamic character is t ics  of low-aspect-ratio wing-body configurations. This 
investigation also included a study of the e f fec ts  of wing leading-edge shape and 
wing lower-surface contour on the longitudinal character is t ics  of several of these 
configurations. The resu l t s  were obtained a t  a Mach number of 10.03 and a t  angles 
of attack from about -4' t o  42O. 
aerodynamic chord, varied from about 0.41 X 10 6 t o  0.58 X 10 6 . 

The Reynolds number, based on the wing mean 

In  general the circular  planform model and the 65' t r iangular  f la t -plate  
model developed the  highest l i f t  coefficients and the 75' (clipped) f la t -p la te  
model developed the lowest l i f t  coefficient throughout the angle-of-attack range 
of the present investigation. The circular  model had the highest drag coeffi- 
cient and the 75' clipped model had the  lowest value of drag coefficient of the 
f la t -plate  wing models. 
from 2.3 f o r  the 75' t r iangular  configuration t o  1.8 for  the circular  configura- 
t ion.  A l l  the f la t -p la te  models were unstable about the wing centroid of area. 
Changing from a semicylindrical t o  a square wing leading edge on the 65' triangu- 
l a r  wing configuration had essent ia l ly  no e f fec t  on l i f t  coefficient but caused 
higher drag, lower l i f t -drag  ra t io ,  and only s m a l l  changes i n  s t a b i l i t y .  Con- 
touring the lower surface of the e l l i p t i c a l  planform wing caused a large decrease 
i n  s t a b i l i t y  and a reduction i n  maximum l i f t -drag r a t i o  from 2.0 t o  1.4. The 
trihedron model had higher drag coefficient and lower maximum l i f t -drag r a t i o  
than the 75' t r iangular  f la t -p la te  model. 
stable configuration f o r  the  moment reference center of the  present investigation. 

Maximum l i f t -drag r a t i o  f o r  t he  f la t -p la te  models varied 

The trihedron model w a s  the  only 
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INTRODUCTION 

A t  the present t i m e  there i s  an intense in t e re s t  i n  vehicles sui table  f o r  
reentry in to  the  ear th ' s  atmosphere. Such problems as reentry heating, lateral 
and longitudinal range control, and g-loading are a l l  dependent on the aero- 
dynamic character is t ics  of the reentry vehicle. 
c les  under consideration f o r  reentry are the b a l l i s t i c  and the  l i f t i n g  types. 
The b a l l i s t i c  vehicle i s  perhaps the  simplest solution t o  the  reentry problem, 
but t h i s  type has numerous undesirable features.  
includes l i f t i n g  body and winged configurations, allows reduction of the gravity 
forces associated with reentry and a large increase i n  lateral and longitudinal 
range. 

The two main categories of vehi- 

The l i f t i n g  vehicle, which 

The National Aeronautics and Space Administration has made a number of 
investigations on winged reentry vehicles. The 
longitudinal aerodynamic charac te r i s t ics  of several  winged configurations similar 
t o  those of the  present investigation at supersonic speeds are available i n  ref- 
erences 1 and 2. 

(For example, see refs. 1 t o  6.) 

The purpose of the  present investigation i s  t o  show the e f fec ts  of wing 
planform on the static longitudinal aerodynamic character is t ics  a t  hypersonic 
speeds f o r  several  low-aspect-ratio wing-body configurations. The tes t  results 
w e r e  obtained on configurations with s i x  d i f fe ren t  wing planforms. 
edge shape and wing lower-surface contour were a l so  varied i n  the investigation. 
The investigation w a s  made i n  the Langley l5-inch hypersonic flow apparatus a t  a 
Mach number of 10.03. 

Wing leading- 

The angle of a t tack  ranged from about -bo t o  42O. 

SYMBOLS 

The forces and moments are referenced t o  the  s t a b i l i t y  axes which have t h e i r  
or igin a t  the centroid of area of the model planforms and on the center l i n e  of 
the model fuselage. 
of each wing. 

The angle of a t tack i s  referenced t o  the f l a t  upper surface 

A aspect r a t i o  

C l oca l  chord 

- 
C mean aerodynamic chord 

Drag drag coefficient,  - qs CD 

L i f t  l i f t  coefficient,  - 
qs CL 

c, Pi'tching moment pitching-moment coefficient,  
qs? 
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l if t-curve slope per degree at  zero angle of attack, 

diameter 

length 

l i f t  -drag rat io  

maximum l i f t -drag r a t i o  

Mach number 

free-stream dynamic pressure 

radius 

Reynolds number based on mean aerodynamic chord 

wing area 

distance from tunnel horizontal center l i n e  

angle of attack, deg 

angle of a t tack for  (L/D)mm, deg 

Tip chord 
Root chord 

taper  ra t io ,  

MODELS 

A drawing of a typical  model-sting arrangement is shown i n  figure 1 and a 
photograph of the models is  shown as figure 2. 
six basic f la t -p la te  models and figure 4 presents drawings of the e l l ipse  (convex) 
and trihedron models. 
f o r  each configuration. 
inch thick with a semicylindrical leading edge. 
had a radius of 0.092 inch normal t o  the wing leading edge. The wing t r a i l i n g  
edge f o r  a l l  models was  square. 
ident ical  blunted half-conical noses and similar cyl indrical  afterbodies which 
varied i n  length with each model. 
were mounted on spacers on the wing upper surface. 
wing planforms of the six basic models were a *circle, an el l ipse,  a 6 5 O  swept 
del ta ,  a 65' swept clipped-tip de l ta  (A = 0.284), a 75' swept delta,  and a 7 5 O  
swept clipped-tip de l ta  (A = 0.300). 

Figure 3 gives details of the 

Table I presents several additional geometric parameters 
The basic models had a f la t -p la te  wing which w a s  0.183 

The semicylindrical leading edge 

All t h e  models were equipped with bodies having 

(See f i g .  3(b). ) These cone-cylinder bodies 
(See f i g s  . 1 and 3(b). ) The 

(See f i g .  3(a).)  

I n  addition t o  the s ix  basic models, a 65' swept delta f la t -plate  wing model 
-with a square wing leading edge and an e l l i p se  model ( f ig .  4(a)) with a contoured 
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wing lower surface we 
had a 75O swept r ight  tr iangular pyramidal wing. 
was  f lat  and the lower surface had a dihedral angle of 45'. 

edron model which 

(See f i g .  4(b) .) 
The upper surface of the wing 

APPARATu7S AND TESTS 

Tunnel 

The investigation was made i n  the Langley 15-inch hypersonic flow appara- 
tus which is  a Mach number 10.03 blowdown wind tunnel. (See f ig .  5 . )  The tun- 
ne l  has an axisymmetric contoured nozzle with a 15-inch-diameter test section. 
Tests are made at stagnation pressures up t o  1,500 ps ia  fo r  a i r  temperatures up 
t o  1,500° F; a direct-current e l ec t r i ca l  resistance-tube heater provides suf f i -  
cient temperature t o  avoid liquefaction of the air .  

The tunnel air  supply is  stored i n  a 1,030-cu-ft tank farm at 1,800 psia; 
the air is  i n i t i a l l y  dried t o  -60' F at  1,800 psia.  
through an aftercooler t o  an 83,000-cu-ft vacuum tank tha t  can be evacuated t o  
about 0.20 psia.  

The tunnel air  i s  exhausted 

Figure 6 shows typical  Mach number distributions fo r  various longitudinal 
s ta t ions i n  the  t e s t  section of the hypersonic flow apparatus. The data shown 
i n  t h i s  f igure were obtained from measurement of stagnation pressure. The 
unflagged data points were obtained by determining the Mach number from the 
ra t io  of stagnation pressures across a normal shock. A t  y = 24.5 inches and 
at longitudinal s ta t ions 0, 4 inches aft ,  and 8 inches aft,  calculating the Mach 
number f romthe r a t i o  of stagnation pressures shows an increase i n  the Mach num- 
ber, which indicates t ha t  the  points are i n  the boundary layer.  In  order t o  get 
a more r e a l i s t i c  value f o r  the Mach numbers i n  the  boundary layer, the data shown 
by the flagged symbols were obtained by assuming the  s t a t i c  pressure t o  be con- 
s tant  through the boundary layer and using the r a t i o  of s t a t i c  pressure t o  meas- 
ured loca l  stagnation pressure. These Mach number distributions shown i n  f ig-  
ure 6 indicate tha t  the tunnel has a uniform core of air  about 10 inches i n  
diameter and at  leas t  16 inches long. 

. 

On the basis of static-pressure data obtained on a wedge and of measured 
force data on symmetrical models, the flow inclination is indicated t o  be 
negligible. 

Tests 

Two different  sting-supported in te rna l  six-component strain-gage balances 

One balance was used fo r  the range from about -4' t o  20' and the  other 
were used i n  t h i s  t e s t  t o  provide maximum accuracy throughout the angle-of-attack 
range. 
from about 20° t o  42'. The t e s t s  were made at  a stagnation pressure of 800 psia  
and a stagnation temperature of 1,350° F, which correspands t o  a Reynolds number 
per foot of 1.32 x lo6. 
varied from 0.41 x lo6 f o r  the  c i r c l e  model t o  0.58 x lo6 f o r  the e l l ipse  model. 

The Reynolds number, based on the mean aerodynamic chord, 

I 
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The angle of attack r 
natural  f o r  these t e s t s .  

Correct ions 

The angle of a t tack has been corrected f o r  s t ing  and balance 
t o  aeroaynamic loads. The axial-force data have been adjusted t o  

t rans  it ion w a s  

deflections due 
a condition of 

free-stream s t a t i c  pressure at  the  model fuselage base. -The reference area f o r  
the base pressures wits the  base area of the model fuselage. 
The change i n  axial-force coefficient associated with a change i n  base pressure 
from f ree  stream t o  zero amounts t o  only 0.0009. 

(See f i g .  3(b) , )  

RESULTS AND DISCUSSION 

Present at ion of Results 

The ef fec t  of planform variation on the longitudinal aerodynamic character- 
i s t i c s  of the  six basic f la t -p la te  wing-body configurations i s  shown i n  figure 7. 
Figure 8 shows the e f fec t  of wing leading-edge shape on the longitudinal aerody- 
namic characterist ics of the 65' tr iangular wing configuration. The e f fec t  of 
wing lower-surface contour on the longitudinal aerodynamic characterist ics of the 
e l l i p t i c a l  planform configuration i s  shown i n  figure 9 and a comparison of the 
longitudinal aerodynamic character is t ics  of the trihedron model with the 75' tri- 
angular configuration is presented i n  figure 10. Schlieren photographs of each 
configuration at several angles of a t tack are shown as figure 11. Table I1 pre- 
sents a summary of l if t-curve slope at 
angle of a t tack f o r  (L/D)max fo r  a l l  the models tes ted.  

a = Oo, maximum l2ft-drag ra t io ,  and 

Ef  fec t  of Planf o m  Variation 

L i f t  coefficient.- The e f fec ts  of planform geometry on the variation of l i f t  
coefficient with angle of a t tack is shown i n  figure 7(a). 
and 6 3 O  models develop the highest l i f t  coefficient f o r  a given angle of attack 
and the 73' (clipped) model has the lowest l i f t  coefficient.  The 65' model has 
the highest value of l i f t -curve slope at zero angle of attack (0.0090) and the 
7 5 O  (clipped) model has the lowest value (0.0063). 

Generally, the c i r c l e  

Although increasing the wing sweep of the tr iangular wing from 63' t o  75' 
causes a reduction i n  
l i t t l e  e f fec t  on l i f t  coefficient a t  angles of a t tack up t o  approximately 18'. 
Increasing the wing sweep causes a decrease i n  l i f t  coefficient above m angle 
of a t tack of approximately 18O. 
resu l t s  f romthe decreasing lower-wing-surface pressures due t o  a decrease i n  
the strength of the shock-wave system with increasing sweep. 

C k  from O.OOg0 t o  0.0066, increasing sweep has very 

This decrease i n  l i f t  coefficient probably 

Although clipping the wing t i p s  of the 65' model (planform area remaining 
- essent ia l ly  constant) causes a reduction i n  C h  from O.OOg0 t o  0.0075, clipping 
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the t i p s  has very l i t t l e  e f fec t  on l i f t  coefficient up t o  an angle of attack of 
about 18'. 
model resu l t s  i n  a small decrease i n  l i f t  coefficient.  
of 75' configuration has essent ia l ly  no e f fec t  on l i f t  coefficient. 

Above an angle of a t tack of 1 8 O ,  clipping the wing t i p s  of the 6 5 O  
Clipping the wing t i p s  

Changing the eccentr ic i ty  of the c i r c l e  planform t o  the e l l i p se  planform 
causes a decrease i n  l i f t  coefficient throughout the angle-of-attack range of 
the present investigation. This decrease i n  l i f t  coefficient is  associated with 
the reduction i n  strength of the bow-shock system on the  e l l ipse  model as com- 
pared with tha t  on the c i r c l e  model. This reduction resulted i n  lower pressures 
on the lower wing surface of the e l l ipse  model. The c i r c l e  model has a value of 
C b  of 0.0078 and the e l l i p se  model has a value of C k  of 0.0072. 

Drag coefficient.- Figure 7(b) shows the effect  of planform geometry on drag 
coefficient.  
cient f o r  a given angle of attack and the 75' (clipped) model has the  lowest 
value of drag coefficient.  
model are  most l ike ly  due t o  the strong bow shock and corresponding wave drag 
associated with t h i s  model. 
from 75' t o  65' resu l t s  i n  a corresponding increase i n  drag coefficient f o r  a 
given angle of a t tack due t o  the stronger shock system. 
of the tr iangular configurations has essent ia l ly  no e f fec t  on drag coefficient up 
t o  angles of attack of approximately 18'. 
the wing t i p s  causes a decrease i n  drag coefficient.  

Generally, the  c i r c l e  model has the highest value of drag coeffi- 

The higher values of drag coefficient of the c i r c l e  

Decreasing the sweep angle of the tr iangular wing 

Clipping the wing t i p s  

A t  higher angles of attack, clipping 

Lift-drag rat io . -  The e f fec t  of planform geometry on the variation of l i f t -  
drag r a t i o  with angle of a t tack  is shown i n  figure 7(c) .  
because of i t s  high drag, the  c i r c l e  model has the lowest value of maximum l i f t -  
drag r a t i o  (1.8), which occurs at an angle of a t tack of approximately 22O.  
7 5 O  model has the highest value of maximum l i f t -drag r a t io  ( 2 . 3 ) ,  which occurs 
at an angle of a t tack of approximately 14O. Decreasing the sweep angle of the 
tr iangular wings t o  65O causes a decrease i n  (L/D)ma t o  2.1. Clipping the 
t i p s  of the 65' and 75' tr iangular models has essent ia l ly  no effect  on 

A s  would be expected 

The 

(L/D)ma. 

Pitching-moment coefficient.-  The e f fec t  of planform geometry on the varia- 
t ion  of pitching-moment coefficient with angle of a t tack is shown i n  figure 7(d). 
All the f la t -p la te  wing configurations are unstable i n  the angle-of-attack range 
of the present investigation ( for  the assumed centroid-of -area moment reference 
center), and the c i r c l e  model is the most unstable. The large negative values of 
pitching-moment coefficient at zero angle of attack are associated with the posi- 
t i v e  pressures on the nose cone of the fuselage. The e f fec t  of these posit ive 
pressures on the pitching-moment coefficient diminishes as the angle of attack 
increases t o  about 18O. 
the  wing and it has a negligible e f fec t  on pitching-moment coefficient.  

Above t h i s  angle of attack, the nose cone is shielded by 

Effect of Wing Leading-Edge Shape 

The effect  of changing from a semicylindrical wing leading edge t o  a square 
wing leading edge on the 65' configuration is shown i n  figure 8. Although the 
square wing leading edge is not feasible  due t o  heating considerations, it w a s  
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investigated t o  determine the s 
leading-edge shape. 
on l i f t  coefficient, but generally cwses an increase i n  the drag coefficient 
throughout the angle-of-attack range, as would be expected. 
of the square leading edge results i n  lower values of l i f t -drag r a t i o  below an 
angle of a t tack of about 370. 
2.1 for  the square- and cylindrical-leading-edge models, respectively. 

characterist ics t o  
The change i n  leading-edge shape has essent ia l ly  no effect  

. 

This increased drag 

The values of maximum l i f t -drag  r a t i o  are 1.9 and . 

The pitching-moment curves of figure 8 indicate tha t  changing the shape of 
the wing leading edge from semicylindrical t o  square produces a negative incre- 
ment i n  pitching-moment coefficient with l i t t l e  o r  no change i n  stabil i ty up t o  
an angle of a t tack of approximately 2 8 O .  Above t h i s  angle of attack, the blunt 
(square) leading edge produces posit ive increments i n  pitching moment and a 
decrease i n  s t a b i l i t y .  

Effect of Wing Lower-Surface Shape 

The ef fec t  of wing lower-surface shape on the longitudinal aerodynamic char- 
ac t e r i s t i c s  of the e l l i p t i c a l  planform wing-body configuration is  shown i n  f ig-  
ure 9. Contouring the lower surface increases the l i f t  coefficient at angles of 
attack less  than about lTo and decreases the l i f t  coefficient at the higher values 
of a. The higher l i f t  coefficients i n  the low angle-of-attack range (-4' t o  170) 
for  the e l l i p se  (convex) model a re  probably associated with the posit ive pes su res  
on the forward section of the curved lower surface of the wing. A t  angles of 
a t tack greater than about 170, the posit ive pressures acting on the wing lower 
surface are not as effective on the e l l i p se  (convex) model as they are on the 
flat-bottom e l l i p se  because of the chordwise and spanwise curvature of the con- 
toured lower surface. 

Contouring the wing lower surface of the  e l l i p se  model increases the  drag 
coefficient at values of 
thickness. 
the lower drag coefficient result ing from the reduction i n  drag due t o  l i f t  asso- 
ciated with the previously noted lower lift developed i n  t h i s  angle-of-attack 
range. 
f o r  the f la t -plate  e l l i p se  model are 1.4 at an angle of attack of about 15' and 
2.0 at an angle of attack of about 1g0, respectively. 

a l e s s  than about 34' because of the increase i n  wing 
A t  angles of a t tack greater than 34O, the e l l i p se  (convex) model has 

The values of maximum l i f t -drag  r a t i o  f o r  the e l l i p se  (convex) model and 

Although both e l l i p t i c a l  planform configurations are  unstable throughout the 
angle-of-attack range of the present investigation f o r  the moment reference ten- 
t e r  used, contouring the wing lower surface causes a large reduction i n  s t a b i l i t y  
and a posit ive increment i n  pitching-moment coefficient at zero angle of a t tack.  
The result ing pitching-moment coefficient at zero angle of attack fo r  the e l l ipse  
(convex) model is  about zero, indicating tha t  the posit ive moment increment 
resul t ing from the posit ive pressures acting on the forward portion of the  con- 
toured wing undersurface cancels the negative pitching moment due t o  the fuselage 
nose cone. 

Figure 10 compares the longitudinal aerodynamic character is t ics  of the tri- 
hedron model with the '75' tr iangular model. 
increased f ron ta l  area and the increased effective angle of a t tack of the lower 

The trihedron model, due t o  both the 
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surface, has larger  values of drag coefficient than triangular model 
throughout the angle-of-attack range of the present investigation. Below an 
angle of a t tack of about 29.5', the trihedron model a lso has higher values of 
l i f t  coefficient than the 75' t r iangular  model. These higher l i f t  coefficients 
a re  a t t r ibuted t o  the increase i n  effective angle of attack due t o  the slope of 
the wing lower surface. Above an angle of attack of 29.5', the 75' tr iangular 
model develops the greater l i f t .  The trihedron model has a value of maximum 
l i f t -drag r a t i o  of 1.4 at an angle of a t tack of 11' whereas the 75' tr iangular 
model has a value of maximum l i f t -drag r a t i o  of 2.3 at an angle of attack of 
about 14'. 

As shown i n  figure 10, the 75' tr iangular model w a s  unstable throughout the 
angle-of-attack range of the present investigation f o r  the moment reference ten- 
t e r  used, but the trihedron model was  s table  because of i t s  increase i n  volume 
below the  assumed moment reference center. 

SUMMARY OF RESULTS 

An investigation has been made i n  the Langley l5-inch hypersonic flow appa- 
ratus t o  measure the s t a t i c  longitudinal aerodynamic character is t ics  of low- 
aspect-ratio wing-body combinations suitable f o r  reentry. 
obtained at a Mach number of 10.03 at angles of attack from about -4' t o  42'. 
The Reynolds number, based on the wing mean aerodynamic chord, varied from about 
0.41 X 106 t o  0.5% x lo6. 
following: 

The resu l t s  were 

The results of the investigation indicate the 

1. In  general, the c i rcular  planform model and the 6 5 O  tr iangular f l a t -  
plate  model developed the highest l i f t  coefficients and the 75' (clipped) f l a t -  
plate  model developed the lowest l i f t  coefficients throughout the angle-of- 
attack range. 

2. Generally, f o r  the f la t -p la te  wing configurations, the ci rcular  model 
had the  highest drag coefficient and the 75' clipped model had the lowest values 
of drag coefficient throughout the angle-of-attack range. 

3. The 75' tr iangular configuration had the highest value of maximum l i f t -  
drag r a t i o  (2.3) and the circular  configuration had the lowest value of maximum 
l i f t -drag r a t i o  (1.8). 

4. All the f la t -plate  wing configurations were unstable about the wing cen- 
t r o i d  of area. 

5 .  Changing from a semicylindrical t o  a square leading edge on the 65' tri- 
angular wing had essent ia l ly  no effect  on lift coefficient but caused higher 
drag, lower l i f t -drag ra t io ,  and only small changes i n  s t ab i l i t y .  

6. Contouring the  lower surface of an e l l i p t i c a l  planform wing caused a 
large decrease i n  s t a b i l i t y  and a reduction i n  maximum l i f t -drag  r a t i o  from 2.0 
t o  1.4. 
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7. Changing f r  om the 75' f la t -p la te  configuration t o  the trihedron configu- 
ration caused a large increase i n  drag coefficient, a reduction i n  maximum l i f t -  
drag r a t io  from 2.3 t o  1.4, and a large increase i n  s t a b i l i t y .  
model w a s  the only s table  configuration of the present investigation fo r  the 
moment reference center used. 

The trihedron 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Station, Hampton, Va., July 27, 1962. 
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TABLE: I.- MODEL GEOMETRIC PARAMETERS 

s, 
sq in .  

Model designation Moment center, 
percent c' 

Circle 
Ellipse 

15.26 
15.19 
15 J9 
14.65 
14.65 
14.75 
14.33 
14 3 6  
14.45 

Ellipse (convex) 
65' 

50 
49 
49 
50 
50 
50 
50 
50 
50 

65O (square leading edge) 
65O (clipped) 

Mode 1 des ignat ion 

Circle 
Ellipse 
Ellipse (convex) 
65O 

65O clipped) 650 
75O 
T rihe dron 
75O (clipped) 

square leading edge) 

75O 

75O (clipped) 
Trihe dron 

A 

1.28 
.64 
.64 

1.52 
1.52 
1.16 

-96 
1.13 

70 

A 

1.28 
.64 
.64 

1.52 
1.52 
1.16 

96 
1.13 

-70 

f, 
in .  

3.74 
5-23 
5-25 
3.77 
3 -77 
3 -99 
4-75 
4.64 
5.02 
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(a)  Basic planform configurations. 

Figure 3 . -  Details of the  six basic f la t -p la te  models. All dimensions are 
i n  inches unless otherwise s ta ted.  
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Figure 6.- Variation of Mach number with distance from tunnel horizontal 
center l i n e  f o r  various longitudinal posit ions i n  the hypersonic flow 
apparatus. Flagged symbols denote points i n  the  boundary layer. 





(b) Variation of CD with a. 

Figure 7.- Continued. 
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Figure 8.- Effect of wing leading-edge shape on the longitudinal aerodynamic 
characteristics of the 6 5 O  flat-plate configuration at M = 10.03. 

23 



Figure 9.- Effect of lower-surface contour on the longitudinal aerodynamic 
M = 10.03. characteristics of the elliptical planfom configuration at 
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Figure 10.- Comparison of the longitudinal aerodynamic characteristics of 
the trihedron and the 7 5 O  triangular models at M = 10.03. 



Ellipse model Ellipse imnvexi model Circle model 

n = -4.42' n - -4 24' 

n = -0.06' (I = -0.05' n = -0.12' 

n = 22.00~ n = 20.78 n - 20.21' 

n = 32.11' n = 31.87' a 8.250 

a - 4213' n = 4207' n = 42.02' 

E 62- 2137 

(a) Circle model, e l l i p se  model, and e l l i p s e  (convex) model. 

Figure 11.- Schlieren photographs of the  nine configurations a t  angles of 
a t tack near a = -bo, Oo, loo, 20°, 30°, and bo. 
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6.9 model 65' (square leading edge) model 65' clipped model 

u = -4.13' 0 = -4.49' 

u - -0.230 

u * 10.41' 

u = 0.57' 01 = 0.170 

61 - 10. 12' 

Q 

u = 20.33' a - 22.030 u = 20.63' 

a =3L98' u=32W0 61 = 31.75' 

u - 4208 u=4208' a = 42 05' 

L 62-2138 

(b) 65' model, 63' (square leading edge) model, and 6fso clipped model. 

Figure 11.- Continued. 
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15' model 

n = -4.24' 

Trihedron model 

n - -4.14' 

a - 0.010 

0 9.93' 

n = 20.55' 

0 = 27.00° 

n = 41.97' 

n - 10.03° 

n = 42070 

75' clipped model 

a - -4.200 

-0.m' 

a - 10,07° 

a * 20.53O 

a = 26.59' 

(c) 75' model, trihedron model, and 75' clipped model. 

Figure 11. - Concluded. 
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